CONFIGURING AND SELECTING A DUTY CYCLE FOR AN OUTPUT DRIVER 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to electronic circuits, and in 

particular to systems and methods for configuring and selecting a duty cycle for an output 
driver. 

BACKGROUND OF THE INVENTION 

[0002] Integrated circuits communicate with each other through electrical signals. 

As integrated circuits are developed, many different signaling type standards have been 
defined that specify the expected characteristics of the electric signals. The signaling type 
typically defines a reference voltage (or level) and duty cycle for the electrical signals. 
Examples of signaling types are stub-series terminated logic (SSTL), Rambus signaling 
level (RSL), HSTL, LVDS and DRSL (differential Rambus signaling level). 

[0003] Integrated circuits (ICs) include, or are connected to, output drivers that 

generate output signals according to the desired signaling type. Output drivers typically 
include a pre-driver that ensures the output signal has the correct duty cycle and a driver 
that ensures the output signal is amplified to the appropriate level. 

[0004] There are many different factors that can affect the electric signals sent 

between devices. For example, the packaging methodology for an integrated circuit can 
affect the electric signals that are sent from the integrated circuit. Therefore, it would be 
beneficial to be able to tune an output driver to accommodate the packaging methodology 
that has been utilized. Additionally, it would be beneficial to allow a particular circuit to 
communicate with a variety of other circuits utilizing different signaling types. 

SUMMARY OF THE INVENTION 

[0005] An integrated circuit includes a closed loop that compares an output signal 

(e.g., on the pins) of the integrated circuit to a reference voltage for a desired signaling 
type. One or more registers are utilized to configure a pre-driver to generate a desired 
duty cycle of the output signal. The integrated circuit can be calibrated for multiple 
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signaling types with multiple registers storing pre-driver configuration data for each 
signaling type. 

[0006] In one embodiment, a circuit generates an output signal with a 

predetermined duty cycle. A driver generates an output signal and a detector determines a 
common mode voltage of the output signal. A comparator compares the common mode 
voltage of the output signal to a reference signal that corresponds to a predetermined duty 
cycle. A register stores a value indicative of a difference between the common mode 
voltages of the output signal and the reference signal. A pre-driver receives the value 
stored in the register and sends the output signal to the driver, such that the value stored in 
the register causes the difference between the common mode voltage of the output signal 
and the reference signal to decrease. 

[0007] Other features and advantages of the integrated circuit and method will 

become readily apparent upon review of the following description in association with the 
accompanying drawings, where the same or similar structures are designated with the 
same reference numerals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a block diagram of a number of integrated circuits in a controller 

configured to communicate over a bus with one or more other integrated circuits and 
memory devices using multiple signaling types. 

[0009] FIG. 2 is a block diagram of a circuit that uses a closed loop to configure a 

pre-driver to a predetermined duty cycle. 

[0010] FIG. 3 is a schematic diagram of a circuit that can be calibrated for multiple 

signaling types, and that is tuned so as to compensate for process, voltage, temperature 
and/or frequency variations. 

[0011] FIG.4 is a flowchart of an iterative process to configure a pre-driver to 

produce a signal having a duty cycle corresponding to a reference signal. 



[0012] FIG. 5 is a flowchart of a process for generating an output signal by 

selecting one of multiple registers that store values for configuring a pre-driver. 
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DETAILED DESCRIPTION OF EMBODIMENTS 

[0013] In the description that follows, an output driver circuit will be described 

with reference to embodiments that configure and select a predetermined duty cycle for 
the output driver. However, the invention is not limited to any particular environment, 
signaling type, application, or implementation. For example, the invention may be 
advantageously applied to any integrated circuit that communicates with other integrated 
circuits. Therefore, the description of the embodiments that follows is for purposes of 
illustration and not limitation. 

[0014] In Fig. 1 , a multi-drop bus 102 interconnects a memory controller 104, 

external memory devices (i.e.. Dynamic Random Access Memory (DRAM)) 116, 118, and 
integrated circuits (ICs) 120, 122. The bus comprises the traces on a printed circuit board, 
wires, or cables and connectors. The controller 104 is coupled to central processing unit 
(CPU) 106 to allow a CPU 106 to communicate with memories or other ICs. The 
controller 104 includes one or more ICs (e.g., 108, 110). Each of the controller ICs 108, 
110 has a bus output driver circuit 112, 114, respectively, that interfaces with the bus 102 
to drive signals onto the bus and to the DRAMs 1 16, 1 1 8 or ICs 120, 122 connected to the 
bus. 

[0015] The bus output drivers 112, 1 14 of integrated circuits 108, 1 10, 

respectively, can be tuned for a specific signaling type. For example, the way in which the 
die of integrated circuit 108 was packaged can affect the waveform of output signals from 
the integrated circuit. Wirebond packaging tends to speed up waveforms and C4 (or 
flipchip) packaging tends to slow down the waveform. Other packaging techniques can 
affect output signals in the same or different ways. Additionally, channel loading (e.g., 
socket or termination resistor) and package stresses may skew the transmitted duty cycle. 

[0016] The output drivers 112, 1 14 of integrated circuits 108, 1 10 are configured 

to automatically tune themselves to compensate for the effects of the circuit's packaging 
on the output signals and to compensate for the impact of different channel loading 
characteristics. Additionally, the output driver can be automatically tuned to account for 
frequency as well as process, voltage and temperature (PVT) factors. 
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[0017] In some embodiments, controller 104 stores values that configure the 

output drivers for multiple signaling types. Thus, integrated circuits 108, 110 need not be 
designed for a specific signaling type. This is advantageous because the output drivers 
112, 114 can be quickly changed to accommodate for different signaling types. 
Additionally, integrated circuits 120 and 122, or DRAMs 1 16, 1 18, may be configured to 
receive signals of a specified signaling type that is one of a number of predefined signaling 
types. In such a situation, integrated circuit 108 initially sends signals through bus 102 to 
ascertain the expected signaling type of the attached devices. Then, integrated circuit 108 
configures its output driver 1 12 to use the appropriate signaling type for the receiving 
device. The controller 104 may also send messages to the other devices on the bus 102 to 
instruct them to use a particular signaling type. 

[0018] Memory devices and other types of integrated circuits may be designed or 

configured to use a particular signaling type to maximize performance of that device or 
circuit. Controller 104 includes an output driver that configures itself to a specific 
signaling type or configures itself to one of multiple signaling types utilizing stored 
calibrated data. In this manner, flexibility is achieved in the types of memories or other 
integrated circuits that can be utilized by CPU 106. 

[0019] As mentioned above, the output driver can store calibrated data for one or 

more signaling types. FIG. 2 shows a block diagram of an output driver 200 that 
configures itself to a signaling type and stores calibrated data. A pre-driver/driver 202 
generates an output signal having a drive strength set by drive strength control 204. Such 
drive strength controls are discussed, for example, in United States Patent No. 6,163,178, 
issued December 19, 2000, to Donald C. Stark et al., which is hereby incorporated by 
reference. 

[0020] During calibration, a closed loop is formed in order to calibrate the pre- 

driver/driver 202 for a specific signaling type. Pre-driver/driver 202 generates an output 
signal that is received by a detector 206, such as a common mode detector or integrated 
sampler. In some embodiments, the detector 206 is on the same integrated chip as the pre- 
driver/driver 202 such that the closed loop is maintained on the same integrated chip. The 
output signal from the driver 202 may be a binary signal or other type of data signal 
having a balanced pattern (such as "1001" or "1010"), having a substantially equal number 
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of 1 's and O's (or other symbols) on average. Detector 206 determines an average or 
common mode voltage of the output signal. The common mode voltage of the output 
signal is then received by a comparator 208. 

[0021] Comparator 208 also receives a reference voltage signal 210 that is to be 

compared to the signal from the detector 206. The reference voltage signal 210 is 
typically the reference voltage for a signaling type (e.g., RSL, HSTL, LVDS, DRSL, etc.) 
and is also used by drive strength control 204. Comparator 208 compares the common 
mode voltage of the output signal and the voltage of the reference voltage signal 210 in 
order to determine the skew between the two signals. Comparator 208 typically outputs a 
signal that is based on the difference between the voltage of the reference signal and the 
common mode voltage of the output signal. The comparator 208 sends an output signal to 
DCA (duty cycle adjustment) logic 212. In an embodiment described below, DCA logic 
212 includes a counter. (See counter 310 in FIG. 3.) DCA logic 212 produces a value, 
(hereinafter the "skew value") that is used to configure output pre-driver/driver 202 so as 
to decrease the difference, if any, between the common mode voltage of the output signal 
and the reference signal. In some embodiments, the skew value produced by DCA logic 
212 is adjusted (e.g., increased or decreased) over a plurality (e.g., five to sixteen) 
calibration cycles, with the adjustment made during each calibration cycle to successively 
reducing the difference, if any, between the common mode voltage of the output signal 
and the reference signal. 

[0022] Adjustment combining logic 214 receives the skew value produced by the 

DCA logic 212. Logic 214 also receives a signal from PVT/frequency detector 216 that 
indicates an adjustment value associated with the process, voltage, temperature and 
frequency of the integrated circuit or device in which the output driver is located. Logic 
214 may include one or more registers to store one or more skew values (received from 
the DCA logic 212) that configures output pre-driver/driver 202 to a predetermined 
signaling type. Alternately, separate registers (not shown) maybe coupled to logic 214 to 
store skew values. Regardless of the location of the registers, at least one register is used 
to store the skew value from DCA logic 212. The skew value may be combined with a 
value from the PVT detector 216 to produce a combined skew value. By receiving a value 
from a PVT detector 216, output driver 200 is calibrated for process, voltage, temperature 
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and often frequency variations. As multiple values may be combined in order to configure 
the output driver 200, adjustment combining logic 214 includes logic to combine the 
various skew values and PVT modification values so as to produce a combined skew 
value. In an embodiment described below, adjustment combining logic 214 includes an 
arithmetic logic unit (ALU). (See ALU 316 in FIG. 3.) In another embodiment, the 
adjustment combining logic 214 includes an adder and logic for directing the combined 
skew value to one of two skew control ports of the pre-driver/driver 202, depending on the 
sign of the skew value. 

[0023] In one embodiment, PVT detector 216 is implemented as a delay lock loop 

(DLL). The DLL can provide PVT detection and also operating frequency tracking. 
Thus, PVT detector 216 can also be a frequency detector such that the value (or values) 
from PVT detector 216 configures the pre-driver/driver 202 to track the operating 
frequency of the system. In alternate embodiments, a frequency detector could be utilized 
with or without a PVT detector. 

[0024] In some embodiments, the combined skew value from adjustment 

combining logic 214 (or a register storing the result of the logic operations in logic 214) is 
converted into an analog signal by an digital-to-analog (D/A) converter 218. The analog 
signal from D/A converter 218 configures pre-driver/driver 202 to generate an output 
signal that is better calibrated to the duty cycle of the signaling type than the signal 
initially produced by the pre-driver/driver 202. In other embodiments, the combined skew 
value or signal produced by the adjustment combining logic 214 is used directly by the 
pre-driver/driver 202 to adjust the output signals it generates. By iteratively using this 
calibration process, output driver 202 is quickly calibrated for a specific signaling type 
(e.g., with a predetermined duty cycle). 

[0025] FIG. 3 shows an output driver 300 that is an embodiment of the output 

driver 200 discussed above. Output driver 300 includes a driver 302 that generates an 
output signal based on a data signal received by the output driver at data node 330. 
During calibration, the data signal is typically a clock signal having a symmetrical, duty- 
cycle-balanced signal (e.g., 1001 or 1010). The output signal is received by a common 
mode detector 304. Common mode detector 304 determines the common mode voltage of 
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the output signal, which is received by a comparator 306. As mentioned above, the output 
signal is typically a symmetric pattern during calibration. 

[0026] Comparator 306 compares the common mode voltage of the output signal 

to the common mode voltage of a reference signal. As shown, there may be multiple 
reference voltages and the appropriate reference voltage is selected by the reference 
voltage selector 308 for the desired signaling type. In some embodiments, the reference 
voltage may be provided to the comparator 306 from an external source. 

[0027] An up/down counter 310 receives a signal from comparator 306 that 

increments or decrements the counter according to how the common mode voltage of the 
output signal compares to the reference signal voltage. For example, if the common mode 
voltage of the output signal is higher than the reference signal voltage, up/down counter 
310 is incremented. If the common mode voltage of the output signal is lower than the 
reference signal voltage, up/down counter 310 is decremented. In some embodiments, the 
up/down counter operates in the opposite manner. 

[0028] In some embodiments, duty cycle registers 312 store calibration data for 

multiple signaling types or devices. Each respective register stores the value produced by 
counter 310 during calibration for a respective signaling type. The duty cycle registers 
312 include a selector 313, for selecting and outputting the value from a selected one of 
the registers. The selector 313 may be decoder (e.g., if the registers 312 are stored in a 
memory array) or a multiplexer, or the like, and is responsive to a selection signal received 
from the logic controller 3 14. In some other embodiments, which are calibrated for only a 
single signaling type, the duty cycle registers 312 are replaced by an output register of the 
counter 310. 

[0029] An ALU 316 receives the duty cycle adjustment value (sometimes herein 

called the DCA value or skew value) stored in the register for the selected signaling type 
and/or the selected device. ALU 316 combines the DCA value from the selected register 
with values (or codes) from a Delay Lock Loop (DLL) 318. DLL 318 functions as a PVT 
detector in this embodiment, and may also function as a frequency detector. By utilizing 
digital values from DLL 318 (i.e., DLL values), PVT and/or operating frequency 
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variations are compensated for in setting the pre-driver 324 to change the duty cycle of the 
output driver 302. Further details of one embodiment of DLL 318 are described below. 

[0030] In this embodiment, the combined values are separated into a value for a P 

register 320 and N register 322. As will be described below, P register 320 affects a P bias 
transistor within a PMOS pull-up circuit 326 in the pre-driver 324. N register 322 affects 
an N bias transistor within a NMOS pull-down circuit 328 in the pre-driver 324. 
Although, two configuring transistors are shown, other embodiments can utilize fewer or 
more transistors, or different types of transistors. 

[0031] ALU 316 combines DLL values with DC A values according to one or more 

pre-defined functions. The pre-defined functions in the ALU 316 take the general form: 

(1) P = Fnl(DCA value, DLL value); 

(2) N = Fn2(DCA value, DLL value). 

P is the value to be stored in the P register 320, N is the value to be stored in the N register 
322, and Fnl and Fn2 are mathematical functions and/or logic functions of the DCA value 
and the DLL value. Fnl and Fn2 may be the same or different functions. Either Fnl or 
Fn2 may include a function that adds or subtracts the DLL value and the DCA value. 
Alternately, Fnl and Fn2 may include constants to be added to or subtracted from either or 
both the DLL value and the DCA value, and/or Fnl and Fn2 may include scaling factors 
for multiplying or dividing either or both the DLL value and the DCA value. 

[0032] In some embodiments, only one of the two registers (i.e., either the P 

register or the N register) is changed in response to the combined skew value generated by 
the ALU 316, while the other is set to a predefined nominal value. For example, the N 
register 322 may be held constant (at a predefined nominal value) and the P Register 320 
changed such that only the P bias transistor within the PMOS pull-up circuit 326 is altered 
to affect the pre-driver duty cycle in response to changing values from the ALU 316. For 
example, if the register selected in the duty cycle registers 312 holds a negative value from 
the up/down counter 310 (i.e., indicating that the duty cycle of the output signal is less 
than the target duty cycle corresponding to the reference signal voltage) and the DLL 
value is zero, then the combined value may be stored in the P register to pull-up the PMOS 



9797-0133-999, RA261 



8 



CA1 350274 



circuit 326 the pre-driver 324 in a manner that increases the duty cycle of the output signal 
produced by the driver 302. 



[0033] A digital-to-analog (D/A) converter 332, 334 converts values from P 

register 320 and N register 322, respectively, into analog signals. These analog signals are 
then applied to gates of a P bias transistor 338 and a N bias transistor 340 in a pre-driver 
324. The values applied to the transistors in pre-driver 324 adjust the slew rate so that the 
duty cycle of the desired signaling type is matched by the driver output signal. Driver 302 
receives a signal from pre-driver 324 and generates the output signal. Thus, in this 
embodiment analog voltages are utilized to change the duty cycle of the output driver by 
configuring the pre-driver 324. In an alternate embodiment, the D/A converter 332 and P 
bias transistor 338 may be replaced by a set of binary-weighted parallel bias transistors to 
control the pull up current of the pre-driver 324 and to thereby alter the slew rate and duty 
cycle of the output driver. Similarly, the D/A converter 334 and N bias transistor 340 may 
be replaced by a set of binary-weighted parallel bias transistors to control the pull down 
current of the pre-driver 324 and to thereby alter the slew rate and duty cycle of the output 
driver. 

[0034] As the output driver is calibrated for a specific signaling type, the output 

signal is processed through a closed loop. In each iteration through the loop, the value 
stored in the appropriate register in duty cycle registers 312 is updated so that pre-driver 
324 will be configured to decrease the difference between the common mode voltage of 
the output signal and the reference signal voltage. An advantage of the embodiment 
shown in FIG. 3 is that DLL values from DLL 3 1 8 are taken into account during 
calibration. 

[0035] In some embodiments, the output driver also includes external inputs 336 

that allow a user to "manually" or directly enter a value or values to configure the output 
driver. This enables the user to optimize the driver duty cycle for loading/termination 
characteristics. This also supports margin testing by enabling manual skewing of the 
output driver duty cycle. Although external inputs 336 in an alternate embodiment (not 
shown) may be applied directly to pre-driver 324, it is advantageous to preserve the values 
from duty cycle registers 312 and DLL 318 even when using values entered via external 
inputs 336. In some embodiments, values entered via external inputs 336 are combined in 
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the ALU 316 with values from duty cycle registers 312 and DLL 318 to produce values or 
bias signals that are conveyed to the pre-driver 324. In other embodiments, external inputs 
324 override the combined values generated by the ALU 316 from the values in the duty 
cycle registers 312 and DLL 318. In yet other embodiments, the external inputs are used 
to overwrite the values stored in one or more of the duty cycle registers 312. 

[0036] Returning now to DLL 318, the DLL is an embodiment of a PVT detector. 

It is understood that a PVT detector may be implemented in a number of ways. In the 
embodiment illustrated in Fig. 3, the DLL 318 includes a DLL control and multiple delay 
cells or mixers (not shown). Each of the delay cells are typically configured to be out of 
phase by 45° relative to each other. Signals from delay cells are received by a phase 
detector (not shown) which in turn completes the loop to the DLL control. A specific 
implementation of a DLL PVT detector can be found in U.S. Patent No. 5,614,855, issued 
March 25, 1997 to Thomas H. Lee et al., which is hereby incorporated by reference. 

[0037] The DLL codes are the digital-to-analog conversion (DAC) codes that 

control the current feeding the delay cells to change the delay value in order to ensure that 
the DLL will track the operating frequency. The extracted DAC codes are distributed to 
other components (e.g., the pre-driver) because they carry information about the process 
variation, operating voltage, temperature, and relative operating frequency of the 
integrated circuit in which the DLL 318 resides. 

[0038] In the embodiment shown in FIG. 3, for example, it may be advantageous 

to use RC type delay cells in the DLL 318. The resistor element of these delay cells is 
typically a PMOS device used as a load resistor, which matches the behavior of the 
dominant PMOS device of pre-driver 324, which uses its impedance to limit the pre-driver 
current. In embodiments where the delay cells of the DLL 318 and the bias transistors of 
the pre-driver 324 use a similar gate voltage biasing scheme, the tracking of these two 
circuits over process, voltage and temperature is well maintained. Additionally, the 
capacitor elements (i.e., C) of the DLL's delay cells are typically N type capacitors, which 
match the gate-drain capacitor loading the N bias transistor of pre-driver 324. The 
similarity of these N type devices maintains tracking over process, voltage and 
temperature. 
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[0039] FIG. 4 shows a flowchart of a process of generating an output signal with a 

predetermined duty cycle. As with all flowcharts herein, steps may be added, deleted, 
combined and reordered without departing from the spirit and scope of the invention. The 
control aspects of the process shown in FIG. 4 are implemented primarily by the logic 
controller 314. In some embodiments, the logic controller 314 includes a processor and 
program instructions for performing the control aspects of the process, while in other 
embodiments the logic controller 314 includes a state machine for performing the control 
aspects of the process. 

[0040] At step 402, an output driver generates an output signal having a duty cycle 

determined by a pre-driver having an initial configuration. The output signal is received at 
a detector. 

[0041] Boxed area 404 includes steps for determining a duty cycle imbalance 

between a common mode voltage of an output signal from the output driver and a 
reference signal voltage. At step 406, a common mode voltage of an output signal is 
determined. The common mode voltage of the output signal is compared to the voltage of 
the reference signal at a step 408. In other embodiments, the common mode voltage and 
reference signal voltage may be replaced by other signals that represent the output signal 
and the reference signal in a manner that allows the duty cycle of the output signal to be 
evaluated. 

[0042] At a step 410, a value indicative of a difference between the common mode 

voltage of the output signal and the reference signal voltage is stored in a register. In 
some embodiments as described previously, multiple registers can be utilized to store 
values for multiple signaling types and/or receiving devices. If it is determined at step 412 
that the duty cycle imbalance determined in the steps within box 404 is acceptable, the 
process flow is considered complete 414. The duty cycle imbalance may be determined to 
be acceptable when the difference between the common mode voltages of the output 
signal and the reference signal is below a threshold, a specified number of calibration 
cycles have been performed, a specified period of time has expired, or the like. 

[0043] If the duty cycle imbalance is determined not to be acceptable at step 412, 

one or more pre-driver biases are generated at step 416 based on the register value of step 
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410. In some embodiments, the pre-drive biases are also based on a PVT detector value 
which indicates changes in process, voltage and/or temperature within the system. By 
utilizing a PVT detector as a frequency detector as described previously, the output signal 
can also track the operating frequency of the circuit in which the output driver resides. For 
example, a faster slew rate may be used with a higher operating frequency and a slower 
slew rate may be used with a lower operating frequency. 

[0044] The pre-driver is configured at step 418 according to the pre-drive bias(es) 

generated at step 416. The pre-drive bias(es) generated at step 416 will, in most 
circumstances, cause a decrease in the difference between the common mode voltage of 
the output signal and the common mode voltage of the reference signal. 

[0045] As described previously, the process of FIG. 4 is typically an iterative 

process. Thus, if the duty cycle imbalance is determined to be unacceptable at step 412, 
then after step 418 the calibration process is re-started at step 402 with the driver sending a 
signal having a duty cycle set by the pre-driver. At this point, the pre-driver has been 
configured using the pre-drive biases generated in step 416. By repeating the calibration 
process (steps 402 through 418), one or more pre-drive biases are iteratively changed to 
reduce the duty cycle imbalance until the imbalance is determined to be at an acceptable 
level at step 412. 

[0046] In some embodiments, multiple registers are utilized to store values for 

configuring a pre-driver for various duty cycles. FIG. 5 shows a flowchart of a process of 
generating an output signal for one of multiple signaling types. 

[0047] At a step 502, one of multiple registers is selected. Each register stores a 

value that configures a pre-driver to generate an output signal with a duty cycle of one of 
multiple signaling types. The register can also contain a device identifier (or device 
characteristics) so that the device identifier can be correlated to the device or circuit that 
receives the signals. In this way, the pre-driver can be configured to generate a duty cycle 
that matches the receiving device's duty cycle characteristics. 

[0048] One or more pre-drive biases are generated at step 504 based on the 

selected register value. In some embodiments, the pre-drive biases are also based on a 
PVT detector value to take into account process, voltage and temperature, and possibly 
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operating frequency variations as well in the system or device in which the output driver 
resides. 

[0049] At step 506, the pre-driver is configured using the pre-drive bias(es) such 

that the output driver generates an output signal with the duty cycle of the selected 
signaling type or device. The values in the multiple registers can be set according to any 
of the calibration techniques that are described above. 

[0050] Advantages of the embodiments described above include a closed loop self- 

calibration technique to optimize output duty cycle for a single die to be packaged in 
different package types and to adapt to different channel loading characteristics. 
Additionally, closed loop self-calibration optimizing output duty cycle that is adaptive for 
many different signaling types. Also, operating frequency tracking is realized and PVT 
detector information is utilized by the pre-driver for improved performance (even when 
using manual inputs). Post packaging manipulation of the pre-driver to skew or correct 
the transmitted duty cycle can also be achieved. 

[0051] The present invention encompasses appropriate modifications to the 

embodiments described above. For example, although the PVT detector has been 
described in some embodiments as a DLL, embodiments of the invention can utilize other 
types of PVT detectors. The scope of the invention is defined by the appended claims and 
is not limited to the embodiments described above. 
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